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(57) ABSTRACT 

There is closed a semiconductor device Which comprises a 
semiconductor substrate including an SOI region Where a 
?rst insulating ?lm is buried, and a non-SOI region, the 
semiconductor substrate being provided With a boundary 
region formed between the SOI region and the non-SOI 
region and having a second insulating ?lm buried therein, 
the second insulating ?lm being inclined upward from the 
SOI region side toWard the non-SOI region side, the second 
insulating ?lm having a thickness smaller than the thickness 
of the ?rst insulating ?lm and being tapered from the SOI 
region side to the non-SOI region side, a pair of element 
isolating insulating regions separately formed in the non 
SOI region of semiconductor substrate and de?ning element 
regions, a pair of impurity diiTusion regions formed in the 
element regions, and a gate electrode formed via a gate 
insulating ?lm in the element region of the semiconductor 
substrate. 

6 Claims, 4 Drawing Sheets 
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METHOD FOR MANUFACTURING PARTIAL 
SOI SUBSTRATES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a division of application Ser. No. 10/675,950, now 
US. Pat. No. 6,956,265 ?led Oct. 2, 2003, Which is incor 
porated in its entirety herein by reference. This application 
is also based upon and claims priority from prior Japanese 
Patent Application No. 2003-283479, ?led Jul. 31, 2003, the 
entire contents of Which are incorporated herein by refer 
ence. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a semiconductor device and a 

method for manufacturing a partial SOI (silicon on insula 
tor) substrate. 

2. Description of the Related Art 
Since the DRAM provided With memory cells each com 

prising one MOSFET and one capacitor is suited for high 
integration, the DRAM is employed in various products as 
a loW cost memory of large capacity. In recent years in 
particular, there is an increasing demand for the develop 
ment of a system LSI Wherein logic and the DRAM are 
integrated in the same semiconductor chip to enhance the 
system performance. On the other hand, the SOI MOSFET 
Where the semiconductor elements thereof are disposed not 
on the conventional silicon substrate but on a thin ?lm SOI 
substrate is noW highlighted in the art as it is capable of 
enhancing the performance of a logic circuit Which is mainly 
constituted by MOSFET, and the application of this SOI 
MOSFET to products With high performance logic has 
already been started. Under this trend, it is noW urgently 
needed to develop a system LSI Where the DRAM is 
mixedly mounted on a high performance logic chip based on 
the SOI. 

HoWever, since the SOI MOSFET is constructed such that 
in the ordinary employment thereof, the electric potential of 
the body region Where channel is to be formed ?oats, the 
folloWing problems are caused. Namely, due to so-called 
substrate-?oating effects, leak current or ?uctuations of 
characteristics including ?uctuations of threshold value are 
caused to generate in concomitant With the operation of 
circuit. Therefore, the SOI MOSFET has been considered 
unsuitable for use in a circuit Where the level of leak current, 
the scattering of threshold value, noise, etc. are required to 
be severely controlled, for example for use in the cell 
transistor of DRAM or the circuit of sense ampli?er. If the 
problems of the substrate-?oating is to be fundamentally 
solved, it is required to provide the MOSFET With a leader 
element region draWn out of the body portion and With a 
contact to control the potential of the body region. In this 
case hoWever, there is a problem that the area of cells as Well 
as the area of sense ampli?er portion are caused to increase 
considerably, so that the most important characteristics of 
DRAM, ie the capability thereof to realiZe high integration 
Would be deteriorated. 

With a vieW to overcoming the aforementioned problems, 
there have been proposed various methods, each of Which is 
mainly featured in that a non-SOI region is allocated to the 
surface of an SOI substrate (partial SOI), so that a circuit 
portion Which is incompatible With the effects of substrate 
?oating is enabled to be formed in the non-SOI region. One 
of the methods is shoWn in FIGS. 1A to 1C, Which is 
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2 
featured in that oxygen ions are implanted into only a 
portion of a silicon substrate, Which is then heat-treated to 
form a partially buried oxide ?lm. Speci?cally, ?rst of all, as 
shoWn in FIG. 1A, a thermal oxide ?lm mask 2 is formed on 
a predetermined region of the surface of the silicon substrate 
1. Then, as shoWn in FIG. 1B, oxygen ion 3 is implanted 
through the thermal oxide ?lm mask 2 into the silicon 
substrate 1. Thereafter, the resultant silicon substrate 1 is 
subjected to heat treatment to form a buried oxide ?lm 4 in 
the SOI region “B” of the silicon substrate 1 as shoWn in 
FIG. 1C. 

HoWever, the aforementioned method is accompanied 
With several problems as shoWn in FIG. 1C. Since there is 
a difference in thermal expansion coe?icient betWeen the 
buried oxide ?lm 4 and the silicon substrate 1, crystal 
defects 12 are caused to generate in the non-SOI region “A” 
due to the expansion of the buried oxide ?lm 4. Therefore, 
the quality of the non-SOI region “A” is not su?iciently high 
enough to enable a semiconductor element to be formed 
therein. Further, a step portion 11 is caused to generate at a 
boundary portion betWeen the SOI region “B” and the 
non-SOI region “A”, thus necessitating an additional pro 
cess to eliminate this step portion 11 to ?atten the surface of 
the silicon substrate 1. 

BRIEF SUMMARY OF THE INVENTION 

A semiconductor device according to one embodiment of 
the present invention comprises: 

a semiconductor substrate including an SOI region Where 
a ?rst insulating ?lm is buried, and a non-SOI region, the 
semiconductor substrate being provided With a boundary 
region formed betWeen the SOI region and the non-SOI 
region and having a second insulating ?lm buried therein, 
the second insulating ?lm being inclined upWard from the 
SOI region side toWard the non-SOI region side, the second 
insulating ?lm having a thickness Which is smaller than the 
thickness of the ?rst insulating ?lm and being tapered from 
the SOI region side to the non-SOI region side; 

a pair of element isolating insulating regions separately 
formed in the non-SOI region of semiconductor substrate 
and de?ning element regions; 

a pair of impurity diffusion regions formed in the element 
regions and in contact With the element isolating insulating 
regions, respectively; and 

a gate electrode formed via a gate insulating ?lm in the 
element region of the semiconductor substrate. 
A method for manufacturing a partial SOI substrate 

according to one embodiment of the present invention 
comprises: 

forming a mask on a predetermined region of a semicon 
ductor substrate; 

isotropically etching a surface of exposed region of the 
semiconductor substrate to form a recessed portion and to 
permit an edge portion of the mask to overhang over the 
semiconductor substrate; 

implanting oxygen ions into the semiconductor substrate; 
heat-treating the semiconductor substrate to form a buried 

oxide ?lm in the semiconductor substrate, concurrently to 
form a thermal oxide ?lm on a surface of the semiconductor 

substrate; and 
removing the mask and the thermal oxide ?lm formed on 

the surface of the semiconductor substrate. 
A method for manufacturing a partial SOI substrate 

according to another embodiment of the present invention 
comprises: 



US 7,265,017 B2 
3 

successively depositing an oxide ?lm and a nitride ?lm to 
form a mask on a predetermined region of a semiconductor 

substrate; 
thermally oxidizing a surface of exposed region of the 

semiconductor substrate to form a thermal oxide ?lm; 
removing the thermal oxide ?lm formed on the surface of 

the semiconductor substrate to form a recessed portion on a 
surface of the semiconductor substrate; 

implanting oxygen ion into the semiconductor substrate; 
heat-treating the semiconductor substrate to form a buried 

oxide ?lm in the semiconductor substrate, concurrently to 
form a thermal oxide ?lm on a surface of the semiconductor 

substrate; and 
removing the mask and the thermal oxide ?lm formed on 

the surface of the semiconductor substrate. 
A method for manufacturing a partial SOI substrate 

according to another embodiment of the present invention 
comprises: 

successively depositing an oxide ?lm and a nitride ?lm on 
a predetermined region of a semiconductor substrate; 

isotropically etching the oxide ?lm to remove an edge 
portion of the oxide ?lm and to make an end face of the 
oxide ?lm into an inclined surface; 

removing the nitride ?lm; 
implanting oxygen ions into the semiconductor substrate 

With the oxide ?lm having inclined end face being employed 
as a mask; 

heat-treating the semiconductor substrate to form a buried 
oxide ?lm in the semiconductor substrate, concurrently to 
form a thermal oxide ?lm on a surface of the semiconductor 

substrate; and 
removing the mask and the thermal oxide ?lm formed on 

the surface of the semiconductor substrate. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIGS. 1A to 1C shoW a cross-sectional vieW illustrating 
the conventional method of manufacturing a partial SOI 
substrate; 

FIGS. 2A to 2C shoW a cross-sectional vieW illustrating 
the method of manufacturing a partial SOI substrate accord 
ing to one embodiment of the present invention; 

FIG. 3 is a cross-sectional vieW illustrating the partial SOI 
substrate manufactured by a method according to one 
embodiment of the present invention; 

FIG. 4 is a cross-sectional vieW illustrating the partial SOI 
substrate manufactured by a method according to another 
embodiment of the present invention; 

FIG. 5 is a cross-sectional vieW illustrating the partial SOI 
substrate manufactured by a method according to a further 
embodiment of the present invention; 

FIG. 6 is a cross-sectional vieW illustrating the semicon 
ductor device according to one embodiment of the present 
invention; 

FIGS. 7A to 7D shoW a cross-sectional vieW illustrating 
the method of manufacturing a partial SOI substrate accord 
ing to another embodiment of the present invention; 

FIGS. 8A and 8B shoW a cross-sectional vieW illustrating 
the method of manufacturing a partial SOI substrate accord 
ing to another embodiment of the present invention; 

FIGS. 9A to 9D shoW a cross-sectional vieW illustrating 
the method of manufacturing a partial SOI substrate accord 
ing to another embodiment of the present invention; 

FIG. 10 is a cross-sectional vieW illustrating the method 
of evaluating the electric characteristics of the semiconduc 
tor device Where a partial SOI substrate Was employed; and 
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4 
FIG. 11 is a graph illustrating the electric characteristics 

of the semiconductor device Where a partial SOI substrate 
Was employed. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Next, the embodiments of the present invention Will be 
explained With reference to draWings. 

First Embodiment 

The method of manufacturing a partial SOI substrate 
according to this embodiment Will be explained With refer 
ence to FIGS. 2A to 2C. 

First of all, a silicon thermal oxide ?lm having a thickness 
of about 1000 angstroms is formed on the surface of a silicon 
substrate 1. The thickness of the silicon thermal oxide ?lm 
can be optionally selected depending on the species of 
oxidiZing gas, oxidiZing temperature, oxidiZing time, etc. 
and may be selected from the range of 500 to 2000 ang 
stroms. Then, part of the thermal oxide ?lm Which is located 
in a region Where oxygen ion is implanted is removed by 
patterning to form a silicon thermal oxide ?lm mask 2 as 
shoWn in FIG. 2A. 

Then, the exposed region “Z” of the silicon substrate 1 is 
removed by isotropic etching to form a recessed portion on 
the surface of the silicon substrate 1. The isotropic etching 
can be performed, for example, by ejecting hydrochloric 
acid gas against the surface of the silicon substrate under the 
conditions of high temperatures/reduced pressures. On this 
occasion, since the surface of the exposed region of the 
silicon substrate 1 is isotropically removed, an eaves-like 
overhang portion 211 as shoWn in FIG. 2B is formed at an end 
portion of the thermal oxide ?lm mask 2. 

For example, When the etching is performed for l to 5 
minutes under the conditions of: 900 to 10000 C. in tem 
perature, 10 to 30 Torr in pressure, and 0.2 to 0.3 slm in How 
rate of hydrochloric acid gas, the silicon substrate 1 can be 
etched to a depth of 0.1 to 0.5 pm. On this occasion, the 
surface of the silicon substrate 1 is etched aWay to such an 
extent that a region of the silicon substrate 1 located beloW 
the end portion of the thermal oxide ?lm mask 2 is erased 
laterally inWard by a distance of 0.1 to 0.5 pm. 

In a subsequent step, an insulating ?lm is buried in the 
region of the silicon substrate 1 Where the surface thereof is 
exposed, thereby forming the SOI region. The region of the 
silicon substrate 1 Which is covered With the thermal oxide 
?lm mask 2 and is not etched aWay becomes the non-SOI 
region (bulk Si region). Further, betWeen the SOI region and 
the non-SOI region, there is formed a boundary region as 
explained hereinafter. 

It is possible, through the adjustment of the depth of 
removing the surface of the silicon substrate 1, to offset the 
sWelling of the substrate at the SOI region after the forma 
tion of the buried oxide ?lm. The effect of the aforemen 
tioned offset can be obtained as long as the surface of the 
silicon substrate 1 is removed to a depth of 0.1 to 0.5 pm. 

Thereafter, as shoWn in FIG. 2C, oxygen ions 3 are 
ejected against the silicon substrate 1 Where a surface 
portion of the exposed region is etched aWay. The conditions 
of ejecting the oxygen ions 3 may be 400 to 5000 C. in 
temperature of substrate and l><l0l7 to 4><l0l7 (atoms/cm2) 
in dosage at an accelerated voltage of 150 to 180 keV. 
By obliquely ejecting the oxygen ions 3 against the major 

surface of the silicon substrate, the underside (boundary 
region) of the overhang portion 2a of the thermal oxide ?lm 
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mask 2 is also irradiated With the oxygen ions 3. However, 
the quantity of oxygen ion 3 to be implanted in this region 
Would become smaller than that in the SOI region. The angle 
of ejecting the oxygen ions 3 may be about 55° to the 
direction orthogonal to the major surface of the substrate. 
Incidentally, if the angle of ejecting the oxygen ions 3 are 
larger than 60°, the quantity of oxygen ions 3 to be 
implanted in the underside (boundary region) of the over 
hang portion 2a of the thermal oxide ?lm mask 2 Would 
become insufficient. Therefore, it is desirable to control the 
angle of ejecting the oxygen ions 3 so as to con?ne it Within 
the range of about 50° to 60° to the direction orthogonal to 
the major surface of the substrate. 

Subsequently, the silicon substrate 1 is heat-treated to 
convert a region inside the substrate Where the oxygen ions 
3 are implanted into an oxide ?lm. The thickness and depth 
of the buried oxide ?lm can be controlled by suitably 
selecting the conditions of heat treatment. For example, 
When the heat treatment is performed in an Ar atmosphere 
for 4 to 10 hours at a temperature of 13000 C., the buried 
oxide ?lm having a thickness of 80 nm can be formed at a 
depth of about 300 nm as measured from the top surface of 
the silicon substrate 1. Further, When the heat treatment is 
performed in an oxygen atmosphere, the buried oxide ?lm 
having a thickness of 100 nm can be formed at a depth of 
about 170 nm as measured from the top surface of the silicon 
substrate 1. 
When the heat treatment is performed in this manner, the 

exposed surface of the silicon substrate 1 is also oxidiZed, 
thus forming a thermal oxide ?lm (not shoWn). The thermal 
oxide ?lm thus formed is subsequently removed together 
With the thermal oxide ?lm mask 2 by using, for example, 
hydro?uoric acid, thereby making it possible to form a 
partial SOI substrate having a buried oxide ?lm 4 formed at 
a predetermined depth inside the silicon substrate 1. 

In the partial SOI substrate shoWn in FIG. 3, an oxide ?lm 
(?rst buried oxide ?lm) 411 having a uniform ?lm thickness 
is formed in the SOI region “B” at a constant depth. Whereas 
in the non-SOI region “A” hoWever, such an oxide ?lm is 
not formed at all. Furthermore, in the boundary region “C” 
interposed betWeen the SOI region “B” and the non-SOI 
region “A”, an oxide ?lm (second buried oxide ?lm) 4b 
Which is inclined is intermittently buried therein. Since the 
quantity of oxygen ions 3 being implanted is relatively small 
in this boundary region “C”, the thickness of the second 
buried oxide ?lm 4b becomes non-uniform. The depth of the 
second buried oxide ?lm 4b. is also caused to become 
shalloW gradually starting from the SOI region “B” toWard 
the non-SOI region “A”. It may be said that the second 
buried oxide ?lm 4b is formed With a curvature in the 
boundary region “C”. 

Incidentally, as shoWn in FIG. 1C, in the case of the 
conventional partial SOI substrate, the SOI region “B” 
having the buried oxide ?lm 4 formed therein and the 
non-SOI region “A” are disposed side by side. Therefore, the 
conventional partial SOI substrate is accompanied With a 
problem that due to the expansion of the buried oxide ?lm 
4, crystal defects 12 are caused to generate in the non-SOI 
region “A”. Whereas in the case of the partial SOI substrate 
according to the embodiments of the present invention, since 
the stress generated in the non-SOI region can be alleviated, 
it is possible to inhibit the crystal defects from being 
generated in the non-SOI region. 

The con?guration of the buried oxide ?lm 4 in the 
boundary region “C” can be controlled by suitably selecting 
the implantation conditions of oxygen ions or the annealing 
conditions. For example, if the heat treatment time is as 
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6 
relatively short, as less than 5 hours, the buried oxide ?lm 4 
Would become a discontinuous con?guration, as shoWn in 
FIG. 3. The buried oxide ?lm 4 having such a discontinuous 
con?guration is advantageous in the respect that the electric 
potential of the body region of a transistor formed on the 
SOI layer can be controlled by the electric potential of the 
substrate. On the other hand, if the heat treatment time is as 
relatively long, as not less than 8 hours, the buried oxide ?lm 
4 Would become a continuous con?guration, as shoWn in 
FIG. 4. It is advantageous in this case in the respect that the 
parasitic capacitance betWeen the semiconductor element 
formed on the SOI layer and the semiconductor substrate 
can be minimiZed, thereby making it possible to realiZe a 
higher speed operation of the semiconductor element. In 
either con?gurations of the buried oxide ?lm 4, the Width of 
the boundary region “C” should preferably be Within the 
range of 1 to 5 um. If the Width of the boundary region “C” 
is less than 1 pm, it Would become difficult to sufficiently 
derive the effects to be derived from the interposition of the 
boundary region “C” betWeen the SOI region “B” and the 
non-SOI region “A”. On the other hand, if the Width of the 
boundary region “C” becomes larger than 5 um, the inte 
gration density of semiconductor elements may be deterio 
rated. Incidentally, the Width of the boundary region “C” can 
be controlled Within a desired range by controlling the depth 
of removing the surface portion of silicon substrate, the 
angle of implanting the oxygen ion 3, etc. 

Further, as shoWn in FIG. 5, the second buried oxide ?lm 
4b may be extended and protruded up to the surface of the 
silicon substrate 1 at one end portion of the boundary region 
“C” Which is located on the non-SOI region side thereof. 
When the second buried oxide ?lm 4b is constructed in this 
manner, the SOI layer 5 located in the SOI region “B” and 
in the boundary region “C” can be completely isolated from 
the silicon substrate 1 by the interposition of the ?rst and 
second buried oxide ?lms 4. As a result, it is noW possible, 
on the occasion of fabricating a logic element on the SOI 
layer 5, to reduce the capacitive coupling of the element With 
the substrate, thereby making it possible to enhance the 
speed of operation. In this case, the logic element is enabled 
to operate in the same manner as the element that is 
fabricated on the surface of so-called SOI Wafer. 
On the other hand, When the partial SOI substrate is 

constructed as shoWn in FIG. 3 or FIG. 4, the SOI layer 5 is 
not electrically insulated from the silicon substrate 1. There 
fore, a semiconductor element Which is vulnerable to the 
substrate-?oating effect such as SRAM and DRAM can be 
fabricated on the surface of the SOI layer 5. 
As described above, depending on the semiconductor 

element to be fabricated on the surface of the SOI layer 5, 
the con?guration of the buried insulating ?lm 4 can be 
optionally determined, thereby making it possible to suffi 
ciently derive the characteristics of the element to be 
obtained. 
When an MOS transistor is formed on the non-SOI region 

(bulk Si region) “A” of the partial SOI substrate manufac 
tured in this manner, the semiconductor device according to 
this embodiment of the present invention can be obtained. 

FIG. 6 shoWs a cross-sectional vieW illustrating the semi 
conductor device according to one embodiment of the 
present invention. As shoWn in FIG. 6, boron Was implanted 
as an impurity into the non-SOI region “A” of the partial 
SOI substrate at a concentration of 5.0><10l7 (atoms/cm3) 
and to a depth of about 1.0 pm to form a p-type Well 21. 
Further, by TEOS, a pair of element isolating insulating 
?lms 24 Were formed to de?ne the element region. A gate 
electrode 26 Was formed through a gate insulating ?lm 25 in 
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this element region, and phosphorus Was ion-implanted as 
an impurity into the element region at a concentration of 
10x10 to 1.0><102O (atoms/cm3) to form an n-type diffusion 
layer 22. The depth of junction of the diffusion layer 22 Was 
set to 0.2 pm and the area of junction thereof Was set to 0.1 

umz. 
Further, according to the conventional procedure, source/ 

drain electrodes 27 Were formed to accomplish the semi 
conductor device shoWn in FIG. 6. 

Since a partial SOI substrate having a boundary region 
provided therein With a buried oxide ?lm of speci?c con 
?guration Was employed in the semiconductor device 
according to this embodiment of the present invention, it 
Was possible to minimiZe leak current. 

The SOI substrate according to this embodiment of the 
present invention as shoWn in FIGS. 3 to 5 can be manu 
factured by various methods. 

Second Embodiment 

The method of manufacturing a partial SOI substrate 
according to this embodiment Will be explained With refer 
ence to FIGS. 7A to 7D. 

First of all, a silicon thermal oxide ?lm 2 having a 
thickness of 1000 angstroms is formed on the surface of a 
silicon substrate 1 and a silicon nitride ?lm 6 having a 
thickness of 1000 angstroms is formed on the silicon thermal 
oxide ?lm 2. The thickness of the silicon nitride ?lm 6 can 
be optionally selected depending on the ?lm-forming tem 
perature, ?lm-forming time, etc. and may be selected from 
the range of 500 to 1500 angstroms. Incidentally, the thick 
ness of the silicon thermal oxide ?lm 2 may be selected from 
the range of 500 to 2000 angstroms. Then, part of the 
thermal oxide ?lm/silicon nitride ?lm Which is located in a 
region Where oxygen ions are implanted is removed by 
patterning to form a mask, as shoWn in FIG. 7A. 

Then, by thermal oxidation treatment, a thermal oxide 
?lm 7 having a thickness of about 0.2 pm is formed in the 
exposed region “Z” of the silicon substrate 1 as shoWn in 
FIG. 7B. The thermal oxide ?lm 7 formed herein is then 
removed to form a recessed portion on the surface of the 
exposed portion of the silicon substrate 1. Accordingly, it is 
preferable in this case to set the thermal oxidation conditions 
to obtain the thermal oxide ?lm 7 having a thickness ranging 
from about 0.2 to 1.0 pm. If the thickness of the thermal 
oxide ?lm 7 is less than 0.2 um it may become dif?cult to 
offset the sWelling of the SOI layer after the formation of the 
buried oxide ?lm. On the other hand, if the thickness of the 
thermal oxide ?lm 7 exceeds 1.0 pm, it may become dif?cult 
to make the surface of the SOI region ?ush With the surface 
of the non-SOI region after the formation of the buried oxide 
?lm. 

The thermal oxide ?lm 7 formed in this manner is then 
removed by using, for example, hydro?uoric acid as shoWn 
in FIG. 7C. As a result, a recessed portion is formed on the 
surface of the exposed region of the silicon substrate 1. In 
this case, the surface portions of the silicon substrate 1 
Which are located in contact With the mask are obliquely 
etched aWay. In a subsequent step, an oxide ?lm having a 
speci?c con?guration is buried in these obliquely etched 
portions, thereby forming a boundary region. Incidentally, as 
already explained With reference to the aforementioned First 
Embodiment, as long as the surface of the silicon substrate 
1 is removed to a depth of 0.1 to 0.5 pm, it is possible to 
offset the sWelling of the substrate at the SOI region after the 
formation of the buried oxide ?lm. 
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Then, as shoWn in FIG. 7D, oxygen ions 3 are ejected 

against the silicon substrate 1 Where the surface portion of 
the exposed region has been removed. The conditions of 
ejecting the oxygen ions 3 may be 400 to 500° C. in 
temperature of substrate and 1><10l7 to 4><10l7 (atoms/cm2) 
in dosage at an accelerated voltage of 150 to 180 keV. 

In this case, since the end faces of the thermal oxide ?lm 
2 and the silicon nitride ?lm 6 constituting the mask are 
aligned With each other as shoWn in FIG. 7D, the oxygen 
ions 3 can be implanted in a direction perpendicular to the 
surface of the substrate 1. 

Incidentally, depending on the conditions on the occasion 
of forming the thermal oxide ?lm 7 on the exposed surface 
of the substrate 1 or on the conditions on the occasion of 
removing the thermal oxide ?lm 7, the end portion of the 
silicon thermal oxide ?lm 2 may be concurrently removed, 
thereby forming a structure Where the end portion of the 
silicon nitride ?lm 6 is laterally protruded or overhung. If 
such is the case, it is desirable to implant the oxygen ions 3 
from a direction Which is inclined to the major surface of 
substrate 1 as shoWn in FIG. 8B. It is possible, in this 
manner, to control the quantity and depth of the oxygen ions 
to be implanted into the substrate 1 so as to con?ne them 
Within desired ranges. Incidentally, When the oxygen ion are 
to be obliquely irradiated or ejected, the angle of the oxygen 
ions should preferably be set Within the range of about 50° 
to 60° to the direction orthogonal to the major surface of 
substrate, for the same reason as already explained above. 

Subsequently, the silicon substrate 1 is heat-treated under 
the same conditions as described above to form an oxide ?lm 
at a predetermined region inside the substrate 1 Where the 
oxygen ions have been previously implanted. In this case, 
the exposed surface of the silicon substrate 1 is also per 
mitted to oxidiZe, thus forming a thermal oxide ?lm. This 
thermal oxide ?lm is then removed together With the mask 
by the same procedure as already described above, thus 
manufacturing the partial SOI substrate as shoWn in FIGS. 
3 to 5. 

In the partial SOI substrate that has been manufactured in 
this manner according to this embodiment also, the surface 
of the silicon substrate 1 is inclined relative to the direction 
of implanting the oxygen ion as far as the boundary region 
is concerned, so that almost the same effects as in the case 
of First Embodiment can be obtained. Namely, since the 
quantity of the oxygen ions 3 to be implanted into the 
boundary region is relatively small, the thickness of the 
second buried oxide ?lm 4b becomes non-uniform. With 
respect to the depth of the implanted oxygen ions also, it 
becomes shalloW gradually starting from the SOI region 
toWard the non-SOI region, i.e. the buried oxide ?lm is 
formed With a certain curvature. As a result, the stress 
generated in the non-SOI region Would be alleviated, thus 
making it possible to suppress the generation of crystal 
defects generated in the non-SOI region. 

Third Embodiment 

The method of manufacturing a partial SOI substrate 
according to this embodiment Will be explained With refer 
ence to FIGS. 9A to 9D. 

First of all, a thermal oxide ?lm 2 having a thickness 
ranging from 1000 angstroms to 5000 angstroms is formed 
on the surface of a silicon substrate 1 and a silicon nitride 
?lm 6 having a thickness of about 1000 angstroms is formed 
on the thermal oxide ?lm 2. The thickness of the silicon 
nitride ?lm 6 can be optionally selected from the range as 
explained above. Then, part of the thermal oxide ?lm/the 
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silicon nitride ?lm Which is located in a region Where 
oxygen ion is implanted is removed by patterning to form a 
mask as shoWn in FIG. 9A. 

Then, the thermal oxide ?lm 2 is isotropically etched to 
make the end face of the thermal oxide ?lm 2 into an 
inclined surface. The isotropic etching can be performed by 
Wet etching employing hydro?uoric acid for example. In this 
manner, a boundary region to be explained hereinafter is 
formed in a portion of the silicon substrate 1 Which is located 
beloW the aforementioned inclined end face of the thermal 
oxide ?lm 2. 

After the silicon nitride ?lm 6 is selectively etched aWay 
by using phosphoric acid, etc., oxygen ions 3 are ejected 
onto the silicon substrate 1 With the thermal oxide ?lm 2 
being employed as a mask. The conditions of ejecting the 
oxygen ions 3 may be 400 to 500° C. in temperature of 
substrate and 1><10l7 to 4><10l7 (atoms/cm2) in dosage at an 
accelerated voltage of 150 to 180 keV. Since the quantity and 
range of implanting the oxygen ions 3 are controlled accord 
ing to the con?guration of the end portion of the oxide ?lm, 
it is preferable in this embodiment to implant the oxygen 
ions 3 in a direction perpendicular to the major surface of the 
silicon substrate 1. 

Since the thermal oxide ?lm 2 is formed such that the ?lm 
thickness thereof becomes thinner gradually toWard the end 
portion of the thermal oxide ?lm 2, the concentration of 
oxygen ions to be implanted onto the silicon substrate 1 is 
also caused to vary gradually. 

Thereafter, the silicon substrate 1 is heat-treated under the 
same conditions as described above to form an oxide ?lm 4 

in a predetermined region inside the substrate Where the 
oxygen ions 3 have been previously implanted, as shoWn in 
FIG. 9D. On this occasion, the exposed surface of the silicon 
substrate 1 is also concurrently oxidiZed to form a thermal 
oxide ?lm 8. This thermal oxide ?lm 8 is subsequently 
removed together With the mask by the same procedure as 
already described above, thereby manufacturing the partial 
SOI substrate as shoWn in FIGS. 3 to 5. 

In the partial SOI substrate that has been manufactured in 
this manner according to this embodiment also, the surface 
of the silicon substrate 1 is inclined relative to the direction 
of implanting the oxygen ions as far as the boundary region 
is concerned, so that almost the same effects as in the case 
of First Embodiment can be obtained. Namely, since the 
quantity of the oxygen ions 3 to be implanted into the 
boundary region is relatively small, the thickness of the 
second buried oxide ?lm 4b becomes non-uniform. With 
respect to the depth of the implanted oxygen ions also, it 
becomes shalloW gradually starting from the SOI region 
toWard the non-SOI region, i.e. the buried oxide ?lm is 
formed With a certain curvature. As a result, the stress 

generated in the non-SOI region Would be alleviated, thus 
making it possible to suppress the generation of crystal 
defects generated in the non-SOI region. 

Fourth Embodiment 

The electric characteristics of the semiconductor device 
according to this embodiment of the present invention Were 
assessed as folloWs. 

The method of assessment of the electric characteristics of 
the semiconductor devices Will be explained With reference 
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10 
to FIG. 10. First of all, by using the partial SOI substrate 
prepared in the aforementioned First to Third Embodiments, 
a semiconductor device according to the embodiment of the 
present invention shoWn in FIG. 6 Was manufactured. Inci 
dentally, the distance “d” betWeen one end of the boundary 
region “C” located on the non-SOI region side thereof and 
the p-n junction Was variously changed to 0 pm, 0.5 um and 
1 um. Further, a Well electrode 28 Was formed on the 
substrate 1 and electrically connected via a poWer source 30 
With source/drain electrodes 27. Then, a reverse bias of 2V 
to 4V Was applied to the p-n junction to see if a leak current 
of 1 HA or more ?oWed, the p-n junction permitting such a 
degree of leak current being assumed as a defect. Based on 
the ratio of such defects, the junction leak current charac 
teristics betWeen the source/drain electrode and the Well 
electrode Were assessed. On this occasion, the depletion 
layer Was extended respectively by about 0.25 pm to 0.4 pm. 

For the purpose of comparison, by the same procedures as 
described above except that the conventional partial SOI 
substrate as shoWn in FIG. 1C Was employed, the conven 
tional semiconductor devices Were manufactured and simi 
larly assessed With respect to the junction leak current 
characteristics betWeen the source/drain electrode and the 
Well electrode. 

FIG. 11 shoWs the junction leak current characteristics 
betWeen the source/drain electrode and the Well electrode. In 
the case of the semiconductor devices according to the 
embodiments of the present invention, the ratio of the 
defects Was as small as 2 to 8%. Whereas, in the case of the 
conventional semiconductor devices, the ratio of the defects 
Was as large as about 50 to 70%. 

Further, it Will be recogniZed that When the distance “d” 
betWeen one end of the boundary region “C” located on the 
non-SOI region side thereof and the source/drain regions 
Was increased, the junction leak current Was proportionally 
minimized. In particular, When the distance “d” betWeen one 
end of the boundary region “C” located on the non-SOI 
region side thereof and the source/drain regions Was 
increased to 0.5 pm or more, the junction exhibiting the 
junction leak current Was decreased to 2% or less. 

It Was con?rmed from the aforementioned results that the 
partial SOI substrates Which Were manufactured according 
to the embodiments of the present invention Were very small 
in crystal defects in the bulk Si (non-SOI) region. 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the speci?c details and 
representative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 

What is claimed is: 
1. A method of manufacturing a partial SOI substrate 

comprising: 
forming a mask on a predetermined region of a semicon 

ductor substrate; 
isotropically etching a surface of exposed region of said 

semiconductor substrate to form a recessed portion and 
to permit an edge portion of said mask to overhang over 
said semiconductor substrate; 

implanting oxygen ions into said semiconductor sub 
strate; 

heat-treating said semiconductor substrate to form a bur 
ied oxide ?lm in said semiconductor substrate, concur 
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rently to form a thermal oxide ?lm on a surface of said 
semiconductor substrate; and 

removing said mask and said thermal oxide ?lm formed 
on the surface of said semiconductor substrate. 

2. The method according to claim 1, Wherein said isotro 
pic etching of said semiconductor substrate is performed 
using gas. 

3. The method according to claim 2, Wherein said gas is 
hydrochloric acid gas. 

12 
4. The method according to claim 1, Wherein said oxygen 

ions are implanted perpendicular to the major surface of said 
semiconductor substrate. 

5. The method according to claim 1, Wherein said oxygen 
ions are implanted obliquely to the major surface of said 
semiconductor substrate. 

6. The method according to claim 1, Wherein said recessed 
portion is formed on the surface of said semiconductor 
substrate to a depth of 0.1 to 0.5 pm. 

* * * * * 


